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SUBAMBIENT PRESSURE SLIDER FOR
CONSTANT FLYING HEIGHT

FIELD OF THE INVENTION

The present invention relates to air bearing shiders, and
more particularly, to surface configurations that provide a
constant flying height for subambient pressure air bearing
shiders.

BACKGROUND OF THE INVENTION

Hard disk drives are common information storage devices
essentially consisting of a series of rotatable disks that are
accessed by magnetic reading and writing elements. These
data transferring elements, commonly known as transducers,
are typically carried by and embedded 1n a slider body that
1s held 1n a close relative position over discrete data tracks
formed on a disk to permit a read or write operation to be
carried out. In order to properly position the transducer with
respect to the disk surface, an air bearing surface (ABS)
formed on the slider body experiences a fluid air flow that
provides suflicient lift force to “fly” the slider and transducer
above the disk data tracks. The high speed rotation of a
magnetic disk generates a stream of air flow or wind along
its surface 1n a direction substantially parallel to the tangen-
fial velocity of the disk. The air flow cooperates with the
ABS of the slider body which enables the slider to fly above
the spmnning disk. In effect, the suspended slider 1s physi-
cally separated from the disk surface through this seli-
actuating air bearing. The ABS of a slider i1s generally
coniigured on the slider surface facing the rotating disk, and
orcatly influences its ability to fly over the disk under
various conditions.

Some of the major objectives in ABS designs are to fly the
slider and 1ts accompanying transducer as close as possible
to the surface of the rotating disk, and to uniformly maintain
that constant close distance regardless of variable flying
conditions. The height or separation gap between the air
bearing slider and the spinning magnetic disk 1s commonly
defined as the flying height. In general, the mounted trans-
ducer or read/write element flies only approximately a few
micro-inches above the surface of the rotating disk. The
flying height of the slider 1s viewed as one of the most
critical parameters affecting the magnetic disk reading and
recording capabilities of a mounted read/write element. For
example, there are many advantages for reducing or having
a relatively small flying height. A relatively small flying
height allows the transducer to achieve greater resolution
between different data bit locations and magnetic fields
emanating from closely defined regions on the disk surface.
Also, a low flying shider 1s known to provide improved high
density recording or storage capacity of magnetic disks
which 1s usually limited by the distance between the trans-
ducer and the magnetic media. Narrow separation gaps
permit shorter wavelength signals to be recorded or read as
a result. At the same time, with the increasing popularity of
lightweight and compact notebook type computers that
utilize relatively small yet powerful disk drives, the need for
a progressively smaller slider body with a lower flying
height has continually grown.

It has also been observed that a constant flying height
provides desireable benefits which may be more readily
achieved through particular ABS designs. Fluctuations 1n
flying height 1s known to adversely affect the resolution and
the data transfer capabilities of the accompanying transducer
or read/write element. The amplitude of the signal being
recorded or read does not vary as much when the flying
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height 1s relatively constant. Additionally, changes 1n flying
height may result in unintended contact between the slider
assembly and the magnetic rotating disk. Sliders are gener-
ally considered to be either direct contacting, pseudo-
contacting or flying sliders which i1s descriptive of their
intended contact with a rotating disk. Regardless of the type
of shider, it 1s often desireable to avoid unnecessary contact
with the surface of the spmning magnetic disk so as to
reduce the wear on both the slider body and the disk. The
deterioration or wear of the recording media may lead to the
loss of recorded data, while slider wear may also result in the

ultimate failure of the transducer or magnetic element.

What often causes changes to the flying height 1s the
continual high speed movement of the slider across the
rotating disk while performing read or write operations. For
example, depending on the radial position of the slider, the
respective linear velocity of the disk varies. Higher veloci-
fies are observed at the outer edge of the rotating disk, while
lower velocities are found at the mnner edge. As a result, the
air bearing slider flies at different relative speeds at different
radial positions relative to the disk. Because sliders typically
fly higher at higher velocities, there 1s a tendency for flying
heights to 1ncrease when positioned above the outer regions
of the disk. At the same time, lower velocities at the inner
regions of the disk cause the slider to fly lower. Accordingly,
slider designs must account for the noticeable effect that
variations 1n radial position, and relative velocity, have on
the flying height.

The flying height of a slider 1s also adversely affected by
changes 1n skew. The skew angle 1s defined and measured as
the angle formed between the longitudinal axis of the slider
body and the direction of the air flow tangential to the disk
rotation. When the mounted slider 1s positioned near the
inner or outer edges of the spinning disk, its longitudinal
axis 1s often skewed 1in relation to the direction of the air
flow. The longitudinal axis of the slider may be defined as a
center line of reference running along the length of the slider
body. These angular orientations or skew angles typically
vary as a rotary actuator arm and gimbal suspension assem-
bly turns about its pivot point thereby moving the slider in
an arcuate path across the rotating disk. In view of the
crowing demand for compact disk drives having relatively
smaller actuator arms, larger skew angles are ever more
present because of the shortened arm length. It has often
been observed that at skew values above zero, sliders are
pressurized at reduced values which cause an undesirable
decrease 1n flying height. Even a relatively moderate skew
angle range adversely affects the flying capabilities of a
slider. As a result, ABS designs continually attempt to
minimize slider sensitivity to changes in skew.

Another fluctuation 1n flying height may be identified as
slider roll. The roll angle 1s measured and defined by the
difference in flying height between the longitudinal sides of
the slider. Whenever a slider flies at skew with respect to the
direction of the air flow, an unequal pressure distribution
tends to occur between the ABS and the disk. This imbalance
causes slider roll where one side of the slider body 1s closer
to the disk surface than the other side. A slider, however, 1s
preferably positioned at a constant slider roll regardless of
any changes 1n the flying conditions including differences 1n
tangential velocity between the inner and outer tracks of the
rotating disk, and continuous lateral movement above the
surface of the disk or varying skew angles.

As shown 1n FIG. 1 an ABS design known for a common
catamaran slider § may be formed with a pair of parallel rails
2 and 4 that extend along the outer edges of the slider surface
facing the disk. Other ABS configurations including three or
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more additional rails, with various surface areas and
geometries, have also been developed. The two rails 2 and
4 typically run along at least a portion of the slider body
length from the leading edge 6 to the trailing edge 8. The
leading edge 6 1s defined as the edge of the slider that the
rotating disk passes before running the length of the slider 5
towards a trailing edge 8. As shown, the leading edge 6 may
be tapered despite the large undesirable tolerance typically
associated with this machining process. The transducer or
magnetic element 7 1s typically mounted at some location
along the trailing edge 8 of the slider as shown 1in FIG. 1. The
rails 2 and 4 form an air bearing surface on which the slider
flies, and provide the necessary lift upon contact with the air
flow created by the spinning disk. As the disk rotates, the
generated wind or air flow runs along underneath, and 1in
between, the catamaran slider rails 2 and 4. As the air flow
passes beneath the rails 2 and 4, the air pressure between the
rails and the disk increases thereby providing positive pres-
surization and lift. Catamaran sliders generally create a
sufficient amount of lift, or positive load force, to cause the
slider to fly at appropriate heights above the rotating disk In
the absence of the rails 2 and 4, the large surface area of the
slider body 5 would produce an excessively large air bearing
surface arca. In general, as the air bearing surface arca
increases, the amount of lift created 1s also 1ncreased.
Without rails, the slider would therefore fly too far from the
rotating disk thereby foregoing all of the described benefits
of having a low flyimng height. As illustrated mn FIG. 1, a
flexible gimbal (not shown) often provides the slider with
multiple degrees of freedom such as vertical spacing, or
pitch angle and roll angle which describe the flying height of
the slider.

Although catamaran sliders are 1nitially effective 1n pro-
viding an adequate flying height, they are especially sensi-
five to varying skew angle ranges and other adverse flying
conditions. When the skew angle 1s increased, such as when
the flying shider moves across the rotating disk, the air
pressure distribution beneath the rails may become distorted.
By accessing both mner and outer portions of a disk at
relatively high speed, air 1s introduced 1n an uneven amount
under each rail which typically causes slider roll as depicted
in FIG. 1. As a result, the slider experiences an uneven
distribution of pressure which may cause the slider to roll in
one direction such that the flying height 1s not uniform
between the ABS rails. The mounted transducer may there-
fore be unable to operate effectively or accurately perform
its data transfer operatlons Regardless of the sensitivity of
the ABS rails to various skew ranges and other adverse
flying conditions, this rail design is w1dely acknowledged as
a general configuration that provides effective pressurization
or lift to enable a slider to {ily.

In order to counteract the positive pressurization of the
flying slider body to provide a low and constant flying
height, 1t 1s known to form an ABS that also provides
negative or subambient pressurization to pull or draw the
slider body towards the disk. For example, negative pressure
air bearing (NPAB) or self loading sliders have been known
to provide a counteracting negative pressure load. In this
dual pressurization scheme, the ABS may be generally
formed with a leading edge, a trailing edge, side rails, and
a cross-rail that extends between the side rails 1 a basic
H-shaped orientation. The cross-rail, which 1s often posi-
tioned closer to the leading edge than the trailing edge of the
slider, creates a subambient pressure region trailing the
cross-rail and 1n between the side-rails. The subambient
pressure region creates a negative pressure or load that
counteracts the positive pressure generated along the side
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rail portion of the ABS. This counteraction of negative and
positive forces has been known to increase the stability and
air bearing stifiness of the slider, provide rapid slider take-
oif, and reduce 1ts sensitivity to variations in conditions such
as changing disk velocity and radial movement which cause
fluctuations 1n flying height. The compensating changes in
positive and negative pressure, 1 accordance with the
varying velocity between the inner and outer tracks of the
disk, contributes to the overall objective of maintaining a
substantially constant and steady flying height. However, the
oifsetting forces created in a subambient pressurization
scheme may often present undesirable effects that actually
cause variations in flying height. A NPAB slider often
exhibits noticeable roll as well, and a reduction in flying
height at skewed conditions because of unequal pressuriza-
tion or distribution of air beneath the rails.

Another type of ABS rail modification that has been
developed 1s generally known as a transverse pressurization
contour (TPC). A TPC may be formed on ABS rails at
various locations along the edges of their air bearing surface
arcas. This has been observed to provide some reduction 1n
flying height variations at skew angles 1n certain applica-
tions. When there 1s a transverse component of air flow
directed across the face of the rail, the contour provided by
a transverse edge of a TPC rail may experience positive
pressurization while a counter balancing negative pressur-
1zation 1s produced 1n a contour along the other transverse
edge of the rail. As a result, the overall pressure distribution
across the ABS may remain relatively unchanged over some
range ol varying skew angles where the transverse compo-
nent of air flow tends to cause unequal pressurization.

All of

the aforementioned ABS configurations and modi-
fications for air bearing sliders attempt to achieve a low and
constant flying height. Different degrees of effectiveness are
provided by these ABS designs which overall do not control
flying height, or pitch and roll angles very well. For
example, many existing ABS designs have been observed to
exhibit an extremely increased slider roll angle over outer
tracks regions of a disk. These configurations also typically
fail to control the 1ncrease 1n slider pitch angle when moving
from inner track to the outer track regions. Thus, there exists
a need for an ABS configuration for an air bearing slider that
cifectively maintains constant flying height and controls roll
angle regardless of constantly changing flying conditions
such as the difference in relative velocity at the outer and
mner regions of a disk, the relative positioning of a slider
over a rotating disk, and varying skew angles ranges.

SUMMARY OF THE INVENTION

The present mnvention provides a subambient pressure air
bearing slider with an air bearing surface (ABS) that pro-
vides a low and constant flying height in the presence of
varying directional air flow. The ABS configurations
described heremn provide improved control of the flying
height for an air bearing slider whereby the slider roll angle
1s maintained relatively constant under various operating
conditions for a variety of rotating disk drive assemblies.
The slider comprises a slider body defined by two side edges
extending longitudinally along the slider body having an air
bearing surface including at least a first and a second
longitudinally extending rail wherein each rail 1s defined by
a leading rail edge having angled faces for contact with
varying directional air tlow.

In one embodiment of the present invention, the air
bearing slider includes a slider body defined by at least one
side edge and an air bearing surface having a first and a
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second rail each extending along a portion of a side edge of
the shider body having a leading rail edge with angled faces
for contact with varying directional air flow substantially
surrounded by a contiguous leading step region. The step
leading edge 1s formed adjacent a relatively deeper step

region formed towards the trailing edge of the air bearing
surface.

In another embodiment, the slider 1s formed with an air
bearing surface having at least two rails extending along a
portion of a longitudinal side edge of the slider body. The
inner and outer edges of each rail are formed with kinks. A
transducer, or some other type of read/write element such as
an optical head, may be carried by the slider body.

In yet another embodiment, a slider comprising a shider
body with two longitudinal side edges and an air bearing
surface having at least a first rail and a second rail extending
along the side edges of the slider body each with an 1nner
cdge and a leading edge bent away from their respective side
edges substantially surrounded by a leading step region and
wherein the inner rail edges define a subambient region.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a flying slider with a read
and write element assembly having a tapered conventional
catamaran air bearing slider configuration.

FIG. 2 1s a perspective view of an ABS for a subambient
pressure air bearing slider 1n accordance with the present
invention as viewed from 1its leading edge.

FIG. 3 1s a bottom plan view of another subambient
pressure air bearing step slider in accordance with the
present invention illustrating the direction of air flow (AF)
for different shider positions at inner, outer and maiddle
diameter regions of a rotating disk.

FIG. 4 illustrates a top view of a mounted air bearing
slider in accordance with the present invention (not drawn to
scale).

FIG. 5 1s a bottom plan view of a subambient pressure air
bearing slider 1in accordance with another embodiment of the
present mnvention particularly 1llustrating the formed leading,
edges of the slider rails.

FIG. 6 1s a bottom plan view of another subambient
pressure air bearing slider 1n accordance with the present
invention particularly illustrating the configured slider rails
and effective ABS area.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 2 1s a general perspective view of the bottom side of
an ABS 10 for a subambient pressure step slider in accor-
dance with the present invention as viewed from its leading
edge. It will be understood that for purposes of describing
particular features of an ABS as follows, the entire shider
body, which may be formed from a substrate material such
as Al,O;TiC, 1s not shown. The ABS 10 1illustrated in FIG.
2 mcludes a pair of rails 12 and 14 each having effective air
bearing areas 24 and 26. The inner rail 12 and the outer rail
14 generally extend from the leading edge 16 toward the
trailing edge 18 of the ABS. As shown 1 FIG. 2, the ABS
rails 12 and 14 are shaped 1n a desired configuration by
conventional techniques 1n accordance with one aspect of
the present mvention. The leading edges 20 and 22 of the
rails may be formed with angled faces 21 and 25, and 23 and
27, respectively. Kinks 28 and 30 may also be formed on the
outer edges of the rails 12 and 14. Other portions of the ABS
10 may further include a relatively deep etch step region 32
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formed towards the trailing edge 18 of the ABS. Meanwhile,
a relatively shallow step region 34 may also be formed at the
leading edge 16 of the ABS that substantially surrounds the
leading rail edges 20 and 22. The result of this ABS
conilguration 1s a relatively constant flying height for the

slider.

The leading edge 16 for the slider ABS 10 shown 1n FIG.

2 may be shaped to effectively control both the slider pitch
and roll angles. In a preferred embodiment, as illustrated 1n
FIG. 2, the leading edges 20 and 22 of the ABS rails 12 and
14 are etched at an angle to form a generally pointed portion
such that angled faces 21 and 27 may be approximately
perpendicular to the air flow when the slider 1s at an outer
diameter track region of a rotating disk, and angled faces 23
and 25 may be approximately perpendicular to the air flow
when the slider 1s at an 1nner diameter track region. It will
be understood that the angled faces 21, 25, 23 and 27 of the
leading rail edges 20 and 22, respectively, may also be
applied to any number of rail configurations other than the
one shown i1n FIG. 2.

Another embodiment of the present invention 1s shown 1n
FIG. 3 from the bottom view of a preferable subambient
pressure air bearing slider. The general direction of air flow
with respect to the changing position of the slider ABS 40 at
the outer, middle and mner regions of a disk, 1s 1llustrated in
FIG. 3 by arrows AF,,, AF,,, and AF,,,, respectively. It
must be recalled that sliders are commonly attached to
actuator arm and gimbal assemblies that rotate about a pivot
point thereby changing the direction of the air flow with
respect to the ABS of the slider as the slider moves across
the rotating disk i1n between inner and outer diameter
regions. While the present invention 1s applicable to sliders
of various sizes, the scale provided i FIG. 3 shows the
overall dimensions of the slider ABS 40 to be approximately
0.08 1nches 1n length, 0.06 1nches 1n width and 0.017 inches
in height (not shown). Sliders having these relative dimen-
sions are generally referred to as nanosliders. The leading
edges 50 and 52 of ABS Rail #1 42 and #2 44 are etched at
angles ®, and 0,, O, and O,, with respect to the leading
cdge 46 of the shider, respectively, and may be formed with
kinks 58 and 60. The angles ®,—0, may be equal or
different, and 1n either event, each may range from approxi-
mately 5 degrees to 85 degrees, and preferably greater than
45 degrees. The specifically selected angles may be varied to
obtain relatively constant roll angle and flying height for
various skew angle ranges, and may correspond to different
types of disk drives with actuator arm assemblies having
various arm lengths which may result 1n varying skew angle
ranges. As the slider flies above the surface of a rotating disk
the generated air flow runs underneath the ABS Rail #1 42
and Rail #2 44, and 1n between the rails, towards the trailing,
cdge 48 of the shider. Positive load or pressurization 1is
ogenerated as the air flows beneath the step formed by leading
edges 50 and 52 of ABS rails 42 and 44, respectively,
thereby creating the necessary lift to enable the slider to fly.
In order to achieve an appropriate flying height for the shder,
counteracting negative pressurization may be provided
when air passes over the shallow step region 64 formed at
the leading ABS edge 46 and 1nto the deep etch step region
62 towards the trailing edge 48 of the slider ABS. While the
relatively deep etch step 62 and shallow step regions 64 may
be etched, 1on milled, or otherwise formed, at different
depths with respect to the height of the ABS rails 42 and 44,
the deep etch 1s preferably formed at a depth of approxi-
mately 70 microinches to approximately 200 microinches,
and the shallow step 1s preferably formed at a depth of
approximately 10 microinches to approximately 50
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microinches, each relative to the height of the rails. The
transitional arca between the deep step 62 and shallow step
64 regions may also vary in shape, and may be defined by
a nonlinear boundary 63 as specifically shown 1n FIG. 3.

The ABS 1llustrated in FIG. 3 provides a subambient

pressure air bearing slider with a relatively constant flying
height, and minimal variations 1n roll angle. The effect of the
step formed by angled faces 51 and 35, and 53 and 57 of
ABS Rails #1 and #2, respectively, vary according to the
direction of the air flow. The direction of the air flow
changes with respect to the leading edge 46 of the slider
ABS 40 according to the position of the slider relative to the
air flow as 1t moves between imner and outer diameter
regions of the rotating disk. Regardless of the slider position,
the air flow 1s 1nitially drawn into the shallow step region 64
formed at the leading edge of the ABS 46. At inner diameter
regions of a rotating disk (not shown), the angled faces 53
and 535 are substantially perpendicular to the direction of the
air flow AF,, as shown in FIG. 3. The pressurization
resulting from the step effect 1s optimized here by selecting
appropriate valves for ©, and ©, 1n order to compensate for
the decrease 1n lift ordinarily experienced by a slider when
positioned at 1nner diameter regions where air velocity 1s
cgenerally lower. Stmilarly, the effect of the step 1s also felt
at outer diameter regions by selecting appropriate values for
®, and ®,, where generally air velocities are higher. In this
outer region, the direction of air flow AF,,, 1s substantially
perpendicular to the angled faces 51 and §7. As shown in
FIG. 3, an intermediate effect of the pressurization due to the
step formed by leading edges 50 and 52 1s also felt at middle
track diameter where the angled faces are neither parallel nor
perpendicular to the air flow AF,,,,. The varying pressur-
1zation resulting from the angled leading edges 50 and 52 of
the ABS rails 42 and 44 provide a relatively constant slider
flying height at various disk locations, and improved data
transfer capabilities between the transducer 66 and a spin-
ning magnetic disk across what may be referred to as the
read/write gap (R/W gap).

As shown 1n FIG. 3, the inner rail 42 and the outer rail 44
may have elfective air bearing surface arcas 54 and 56
unique to each rail, respectively. For example, mnner rail 42
may be formed with an effective area and compression
length as shown. As the skew angle changes and the slider
moves towards outer diameter regions, the decrease of the
ciiective surface arca and compression length due to side
leakage (reduction in lift where air leaks out of the sides of
the rail) 1s minimized as a result of the shaped air bearing
surtace 54 of the ABS rail shown in FIG. 3. When the shider
moves to mner diameter regions, the effective surface arca
and compression length also decreases for the same reasons.
Again, the uniquely configured air bearing surface 54 mini-
mizes the effect of the loss in effective surface area and
compression length at inner diameter regions. The unique
configuration of the air bearing surtface 56 for the outer rail
44 provides similar results at various disk regions. As shown
in FIG. 3, the leading edges 50 and 52 for each particular rail
may be generally bent towards the middle region of the
slider ABS 40. The leading edge 52 of the outer rail 44,
which typically contains the read/write element or trans-
ducer 66, may be generally aligned with the direction of the
air flow AF,,, to maintain adequate pressurization when the
slider 1s 1n position at mner diameter regions of the disk in
order to compensate for the typically lower air velocity in
this region. The leading edge 50 of the inner rail 42 is
similarly aligned with the direction of the air flow AF
when the slider 1s positioned at outer diameter regions of the
disk 1n order to provide sufficient lift and maintain a rela-
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tively constant flying height. As shown 1n FIG. 3, the trailing
cdges of the rails 42 and 44 may also be directed towards the
middle of the shider ABS 40 to account for changes in
directional air flow. When flying at outer diameter regions,
the air flow AF,,, may be generally aligned with the trailing
edge of the outer rail 44. When positioned at inner diameter
regions, the air flow AF,,, may be similarly aligned with the
trailing edge of the 1nner rail 42. As a result of this unique
conilguration, each rail maintains sufficient pressurization at
a wide variety of skew angles whether the slider 1s posi-
tioned at outer, middle or mner regions of the disk.

In FIG. 3, 1t will also be noticed that the individual air
bearing surface areas for the ABS rails may be different
depending on their relative locations over a rotating disk.
Rail #1 may be 1dentified as the inner rail, and Rail #2 may
be 1dentified as the outer rail mn accordance with their
relative positions to the center of the disk. Because the air
velocity 1s known to be typically greater at outer diameter
regions proximate to Rail #2 than at inner diameter regions
proximate to Rail #1, the effective area for Rail #2 may be
configured differently than for Rail #1 to offset the differ-
ence. For example, Rail #1 may be configured 1n accordance
with the present invention to generally have a greater
relative effective surface area and compression length than
other Rail #2 to compensate for the lower air flow velocity
at mner diameter regions of the rotating disk. As a result,
these differently shaped rails account for the different flying
conditions uniquely experienced by each rail, and contribute
to more balanced pressurization of the rails so as to reduce
variations 1n slider roll angle. Of course, depending on the
overall width of the slider, the difference 1n flying conditions
for each rail will vary accordingly. In any event, the 1ndi-
vidualized air bearing surfaces formed in accordance with
the present invention provide for more control of slider roll

angle and a constant flying height.

The leading rail edges 50 and 52 shown i FIG. 3 may
also mclude kinks 58 and 60 formed on the mnner and outer
rails 42 and 44, respectively. These kinks 58 and 60 may be
formed depending on the values of &, and ®., and &, and
®., respectively. For example, ®, may be mdependently
varied to provide sufficient pressurization from the step
ciiect particularly at inner diameter regions. But at the same
time, angle ®. performs this function and also determines
the extent to which the leading edge 50 of the mner Rail #1
42 1s bent towards the middle portion of the slider ABS 40
to maintain adequate pressurization and alignment with the
air flow AF,, particularly at outer diameter regions.
Similarly, a kink 60 may be formed on the outer rail 44 as
a result of particular values for ®, and ®.. Angle &, may be
varied to generate adequate pressurization resulting from the
step effect and air flow particularly at outer diameter regions
of AF,,. Meanwhile, angle ®, performs this function and
also allows the outer Rail #2 leading edge 52 to be aligned
with directional air flow at 1nner diameter regions of AF,,,.
As a result, ®, and ®,, and ®, and ®, may be changed,
respectively, independent from each other thereby forming
kinks 58 and 60 on Rail #1 and Rail #2, respectively. Kinks
58 and 60 may also be formed so as to reduce the compres-
sion length of the rails 42 and 44 when the shider has zero
skew angle at middle diameter regions where the air flow
AF,,, 1s substantially parallel with the longitudinal axis of
the slider ABS 40. In these regions, adequate pressurization
may be provided by some intermediate step effect at the
leading rail edges 50 and 52, and maintained unusually long
if the air 1s permitted to flow uninterrupted along the entire
length of the rails 42 and 44. As a result, excessive pres-
surization of the ABS Rails #1 and #2 may be controlled by
their respective kinks 58 and 60.
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It should be noted that 1 order to avoid relatively large
skew angles which are known to significantly hinder slider
pressurization and lift, it 1s common to define zero skew
angle near middle diameter regions. In this manner, skew
angle values remain relatively low regardless of whether the
slider 1s skewed towards the outer or the 1inner regions of a
disk (z®). Of course, zero skew may be defined near the
iner region of a disk where the effective surface area and
compression length of the ABS may be greatest in an attempt
to compensate for the relatively low air velocity 1n this
region. But the skew angle values generally become signifi-
cantly higher in this arrangement, and tend to have a
counterproductive effect on pressurization of the slider as it
moves outward towards other regions of the disk. In either
example, when flying at skew, the drop in pressurization and
lift ordinarily occurring with generally rectangular shaped
rails 1s minimized by the shaped air bearing surface formed
in accordance with the present invention. The overall result
of the ABS configurations provided by the present disclosure
1s a slider that 1s capable of flying at a more constant height
while at skew, and with greater control of pitch and roll
angles.

In FIG. 4, another embodiment of the present invention 1s
shown where the mounted slider (not drawn to scale) is
suspended below the rotating magnetic disk 70 by an
actuator or track arm and gimbal suspension assembly 72.
The slider 1s mounted onto a gimbal 74 which allows for
varying degrees of free movement of the slider relative to the
disk surface 76. The arm may move 1n a linear motion 1n a
manner known as linear access (not shown) where the
read/write element or head moves across a rotating disk 1n
a relatively straight path. Alternatively, the arm and gimbal
assembly 72 may rotate about an axis or pivot point in what
1s commonly referred to as a rotary actuator. The gimbal 74
and slider may be joined by a track arm and gimbal
suspension assembly 72 through a rotary actuator which
positions the slider over selected individual data tracks on
the magnetic surface 76 in an arcuate path 78. In either
scheme, the gimbal 74 provides a flexible yet resilient
connection that allows the flying slider and accompanying
transducer to follow the topography of the spinning disk at
different disk locations. When the slider ABS 40 in FIG. 4
is positioned in the middle diameter region (MD) of the
rotating disk, the skew angle 1s zero since the longitudinal
axis of the slider 1s parallel with the air flow. An intermediate
ciiect of the pressurization due to the step formed by angled
faces 1s felt in the middle diameter regions of the disk.
However, as the slider ABS 40 moves out towards outer
diameter regions (OD), the air begins to flow substantially
perpendicular to the step formed by certain angled faces for
cach rail to generate adequate pressurization. When the
slider ABS 40 moves towards inner diameter regions (ID),
the air tends to flow substantially perpendicular to the step
formed by other angled faces for each rail to provide
necessary pressurization in order to generate sufficient Iift.
As a result, the slider ABS 40 1s less sensitive to changes in
air flow and skew because of the multiple angled faces
which compensate for changes 1n pressurization and flying
conditions at particular disk locations.

As shown 1 FIG. 5, the leading edges of air bearing
surfaces for step sliders may also be configured and opti-
mized as illustrated in accordance with the present inven-
tion. The approximate overall dimensions of the step slider
in FIG. 5 1s 0.05 inches 1 length, 0.039 inches in width and
0.012 inches in height (not shown). Sliders with these
relative dimensions are generally referred to as picosliders.
The general direction of air flow with respect to the changing
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position of the shiders at the outer, middle and inner regions
of a rotating disk 1s again illustrated by arrows AF, ,,, AF, 5,
and AF,,, respectively. As explained above, the varying
directional air flow 1s attributed to the change of slider
position as 1t moves across the surface of a rotating disk 1n
an arcuate path which often causes the slider to roll at skew
angles, absent the benefits provided by the present invention.
The ABS configuration 80 illustrated in FIG. §, which 1s
formed 1n accordance with another aspect of the present
invention, mncludes a pair of rails 82 and 84. The ABS rails
82 and 84 arc shaped 1n a desired configuration by conven-
fional techniques 1n accordance with one aspect of the
present mvention. The leading edges 90 and 92 of the rails
may be formed with angled faces 91 and 95, and 93 and 97,

respectively, by any of a variety of known etching processes
before the ABS 1s further etched or otherwise formed. Kinks

98 and 100 may also be formed on the outer edges of the
rails 82 and 84. Other portions of the ABS for the slider 80
further include a relatively deep etch step region 102 which
may be formed towards the trailing edge 88 of the ABS.
Meanwhile, a relatively shallow step region 104 may also be
formed at the leading edge 86 of the ABS that substantially
surrounds the leading rail edges 90 and 92.

The leading edges 90 and 92 of the ABS rails 82 and 84
shown 1n FIG. 5 may be shaped to effectively control both
the slider pitch and roll angles, particularly when positioned
at skew. Depending on the applicable skew angle range, the
shape of the leading edge area may be varied to control the
roll angle. In another preferred embodiment of the present
invention, as illustrated m FIG. 5, the leading edges 90 and
92 of the ABS rails 82 and 84 may be etched at an angle to
form a generally pointed portion such that angled faces 91
and 97 will be approximately perpendicular to the air flow
when the slider 1s at an outer diameter track of a rotating
disk, and angled faces 93 and 95 will be approximately
perpendicular to the air flow when the slider 1s at an inner
diameter track. The step effect generated by the angled faces
in these particular disk locations permit incoming air to be
drawn underneath the ABS rails to create the necessary
pressurization for lift, and the resultant air bearing.
Specifically, angled faces 91 and 95 1n FIG. 5 may be formed
at an angle ®, and ©,, respectively, at the leading inner rail
cedge 90. The angles ®, and ©, may be varied to provide
relatively constant roll angle while a slider flies at skew, and
may be equal or different, and 1n either event, each may
range from approximately 5 degrees to 85 degrees.
Similarly, angled faces 93 and 97 may be formed at angle O,
and ®,, respectively, at the leading outer rail edge 92. The
varying ranges of ®, and ®, also correspond to particular
disk drive configurations, and may be equal or different. In
this preferred embodiment, ®, may be approximately 90
degrees. The specific angles ®,—0, may correspond to
different types of disk drives and actuator arm assemblies
having various arm lengths which may result in varying
skew angle ranges. The rails 82 and 84 ecach have overall
cifective air bearing surfaces 94 and 96, and may be formed
with kinks 98 and 100, respectively, to provide for the
resulting configuration.

As the slider flies above the surface of a rotating disk, the
ogenerated air flow runs underneath the ABS Rail #1 82 and
Rail #2 84, and in between the rails, towards the trailing
cdge 88 of the shider. Positive load or pressurization 1is
ogenerated as the air flows beneath the ABS rails 82 and 84
thereby creating the necessary lift to enable the slider to {ly.
In order to achieve an appropriate flying height for the shider,
counteracting negative pressurization may be provided
when air passes over the shallow step region 104 formed at
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the leading edge 86 and into the deep etch step region 102
towards the trailing edge 88 of the slider. The counteracting
subambient pressurization for the ABS shown in FIG. 5 1s
provided by negative pressure regions including the volume
of space generally defined by the ABS rails 82 and 84 and
the shallow step region 104. While the deep etch step 102
and shallow step 104 regions may be etched, 1on milled or
otherwise formed, at different depths with respect to the
height of the ABS rails 82 and 84, the deep etch 1s preferably
formed at a depth of approximately 70 microinches to
approximately 200 microinches, and the shallow step 1s
preferably formed at a depth of approximately 10 micro-
inches to approximately 50 microinches, each relative to the
height of the rails. The transitional area between the deep
step 102 and shallow step 104 regions may also vary in
shape, as illustrated in FIG. 5, and may be defined by a
nonlimear boundary 103 which separates the different
regions. In order to vary the size and volume of air flow
received by the leading step region 104 and the subambient
pressure region 102, the boundary 103 may be shaped in
numerous ways including the nonlinear configuration 1llus-
trated 1n FIG. §. The ABS design 80 shown m FIG. 5 results
in a slider that exhibits a controlled and relatively flat flying
height and roll angle which assists the mounted transducer
106, or any other data transfer element including optical
heads, 1n performing reading and writing operations. To
assist 1n the proper positioning of the transducer 106,
suitable coverings formed from materials such as alumina
(not shown) may be used to ensure that the mounted element
1s held securely by the shder.

As shown 1n FIG. 5, the leading shallow step region 104
substantially surrounds or wraps around the leading edges
90 and 92 of the ABS rails 82 and 84. As the air tlows 1nto
the shallow step region 104, initial pressurization 1is
achieved when the air 1s then drawn underneath the leading
edges 90 and 92 of the rails 82 and 84. As explained above,
the amount of pressurization may be determined by on the
angle of 1incidence of the air flow, and the angled faces and
kinks formed on each rail. For example, as the air flows
across step region 104 towards the kink 98 and the angled
face 95 formed by angle ®, of the inner ABS rail 82,
adequate pressurization 1s achieved particularly at inner
diameter regions, and maintained in part by the generally
aligned trailing edge of the inner rail as shown 1 FIG. 5. At
outer diameter portions, angled face 91 formed by angle 0,
of the inner rail 82 varies the amount of pressurization
needed to generate lift which 1s maintained 1n part by the
generally aligned and bent leading edge of the inner Rail #1.
When the air flows generally across step region 104 towards
the kink 100 and the angled face 97 formed by angle &, of
the outer ABS rail 84, necessary pressurization 1s provided
when the slider ABS 80 1s positioned particularly at outer
diameter regions, and maintained i1n part by the generally
aligned trailing edge of the outer rail. At mner diameter
portions, angled face 93 formed by angle ®, of the outer rail
84 varies the amount of pressurization needed to generate
l1ft which 1s maintained 1n part by the generally aligned and
bent leading edge of the outer Rail #2. The selection of
appropriate values for angles ©,—0, affect the extent of
pressurization for each rail 82 and 84 and may be chosen by
considering particular skew angle variations and directional
air flow velocity. It should be noted that for both rails 82 and
84 shown 1n FIG. §, portions of the leading rail edges 90 and
92 may be formed that are nonangled and substantially
parallel to the leading edge 86 of the slider ABS 80. At
middle diameter regions of a rotating disk, the air generally
flows across the shallow step region 104 1nto this particular
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step region to provide sullicient pressurization as to each rail
82 and 84, and 1s carried throughout their respective rail
lengths. When excessive lift 1s created as a result of the
relatively longer compression lengths of each rail 82 and 84,
the formed kinks 98 and 100 may effectively reduce this
undesirable effect at middle diameter regions where the
skew angle 1s approximately zero. As a result, the overall

shape and size of the leading shall step region 104 may vary
according to relative dimensions of the rail kinks 98 and

100.

The shallow step region 104 may be etched or otherwise
formed at varying depths relative to the height of the rails 82
and 84. The depth of this step region 104 affects the amount
of pressurization that 1s needed to generate suflicient lift to
enable the slider to fly. The shallow step may generally be
formed at depths of approximately 10 microinches to 50
microinches. Because insuflicient pressurization may be
oenerated when the shallow etch region 104 1s formed
relatively too deep or too shallow, an appropriate depth may
be optimally determined to pressurize the incoming air
depending on the particular disk drive layout and range of
skew angles. Of course, this depth may be considered in
combination with other parameters that affect pressurization
such as the kinks 98 and 100 and the angled faces formed by
®,—0, on the rails 82 and 84, respectively. This improved
ABS configuration, in accordance with one aspect of the
present invention, provides for more uniform pressurization
of a negative pressure air bearing slider. A more constant
flying height 1s therefore provided to enable more reliable
and improved performance from a mounted transducer 106,
or any other type of reading or writing element.

The overall ABS configuration of FIG. 5§, aside from 1ts
leading edge area, also provides a more constant flying
height when the slider 1s flying at skew. For example, when
the slider moves towards 1nner or outer diameter regions, the
decrease of the effective surface areca and compression
length for the rails 82 and 84 due to side leakage 1is
minimized as a result of shaped air bearing surfaces 94 and
96 where the leading and trailing edges of rails 82 and 84
ogenerally bend toward the middle region of the slider body
as shown 1n FIG. 5. The shape of rails 82 and 84 correspond
to the gradual changes within a skew angle range, and
direction of the air flow AFID from inner disk regions to
middle disk regions AF, ,,,, and to outer disk regions AF,,,
in order to compensate for the drop in pressurization ordi-
narily experienced by sliders when flying at skew angles. As
a result, the overall ABS configuration shown in FIG. 5
compensates for changes 1 directional air flow at different
regions of the disk by providing adequate pressurization
despite changes 1n flying conditions including varying skew
angles, and change 1n air velocity.

Another embodiment of the present invention 1s shown 1n
FIG. 6 from the bottom view of a preferable subambient
pressure air bearing slider. The general direction of air flow
with respect to the changing position of the slider ABS 120
at the outer, middle and mner regions of a disk, 1s illustrated
by arrows AF,,, AF,,, and AF,,, respectively. The scale
provided 1mn FIG. 6 shows the overall dimensions of the
slider ABS 120 to be approximately 0.05 inches in length,
0.039 inches in width and 0.012 inches in height (not
shown). The leading edges 130 and 132 of ABS Rail #1 122
and #2 124 are etched at angles ®, and ©,, ©, and ®,, with
respect to the leading edge 126 of the shider, respectively.
The angles ®,—0, may be equal or different, and in either
event, each may range from approximately 5 degrees to 85
degrees, and preferably greater than 45 degrees. The spe-
cifically selected angles may be varied to obtain relatively
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constant pitch and roll angles for various skew angle ranges,
and may correspond to different types of disk drives with
actuator arm assemblies having various arm lengths which
may result in varying skew angle ranges. As the slider flies
above the surface of a rotating disk, the generated air flow

runs underneath the ABS Rail #1 122 and Rail #2 124, and
in between the rails, towards the trailing edge 128 of the
slider. Positive load or pressurization 1s generated as the air
flows beneath the step formed by leading edges 130 and 132
of ABS rails 122 and 124, respectively, thereby creating the
necessary lift to enable the slider to fly. In order to achieve
an appropriate flying height for the slider, counteracting
negative pressurization may be provided when air passes
over the shallow step region 144 formed at the leading ABS
cdge 126 and 1nto the deep etch step region 142 towards the
trailing edge 128 of the slider ABS. While the relatively deep
ctch step 142 and shallow step regions 144 may be etched,
ion milled, or otherwise formed, at different depths with
respect to the height of the ABS rails 122 and 124, the deep
ctch 1s preferably formed at a depth of approximately 70
microinches to approximately 200 microinches, and the
shallow step 1s preferably formed at a depth of approxi-
mately 10 microinches to approximately 50 microinches,
cach relative to the height of the rails. The transitional area
between the deep step 142 and shallow step 144 regions may
also vary 1n shape, and may be defined by a nonlinear
boundary 143 as specifically shown in FIG. 6.

The ABS illustrated in FIG. 6 provides a subambient
pressure air bearing slider with a relatively constant flying,
height, and minimal variations 1n pitch and roll angles. The
ciiect of the step formed by angled faces 131 and 135, and
133 and 137 of ABS Rails #1 and #2, respectively, vary
according to the direction of the air flow. The direction of the
air flow changes with respect to the leading edge 126 of the
slider ABS 120 according to the position of the slider
relative to the air flow as 1t moves between 1nner and outer
diameter regions of the rotating disk. Regardless of the slider
position, the air flow 1s 1nitially drawn into the shallow step
region 144 formed at the leading edge of the ABS 126. At
inner diameter regions of a rotating disk (not shown), the
angled faces 133 and 135 are substantially perpendicular to
the direction of the air flow AF,,, as shown in FIG. 6. The
pressurization resulting from the step effect 1s optlmlzed
here by selecting appropriate valves for ®, and 0., 1n order
to compensate for the decrease 1n lift ordmarﬂy experienced
by a slider when positioned at inner diameter regions where
air velocity 1s generally lower. Similarly, the effect of the
step 1s also felt at outer diameter regions by selecting
appropriate valves for ®, and ©®,, where generally air
velocities are higher. In this outer region, the direction of air
flow AF,,, 1s substantially perpendicular to the angled faces
131 and 137. As shown 1n FIG. 6, an intermediate effect of
the pressurization due to the step formed by leading edges
130 and 132 1s also felt at middle track diameter where the
angled faces are 1s neither parallel nor perpendicular to the
air low AF, ,,,. The varying pressurization resulting from the
angled leading edges 130 and 132 of the ABS rails provide
a relatively constant slider flying height at various disk
locations, and improved data transfer capabilities between
the transducer 146 and a spinning magnetic disk across what
may be referred to as the read/write gap (R/W gap).

As shown 1n FIG. 6, the inner rail 122 and the outer rail
124 may have effective air bearing surface areas 134 and 136
unique to each rail, respectively, that assist in reducing the
cliects of flying at skew angles. For example, inner rail 122
may be formed with an effective arca and compression
length as shown. As the skew angle changes and the slider
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moves towards outer diameter regions, the decrease of the
ciiective surface arca and compression length due to side
leakage (reduction in lift where air leaks out of the sides of
the rail) 1s minimized as a result of the shaped air bearing

surface 134 of the ABS rail shown in FIG. 6. When the slider
moves to mner diameter regions, the effective surface arca
and may be similarly aligned with the trailing edge of the
mner rail 122. As a result of this unique configuration, each
raill maintains suificient pressurization at a wide variety of
skew angles whether the slider ABS 120 1s positioned at
outer, middle or inner regions of the disk. The individualized
air bearing surfaces formed 1n accordance with the present
invention thus provide a more constant slider flying height.

The leading rail edges 130 and 132 of the mner and outer
rails 122 and 124, respectively, shown 1n FIG. 6 may also be
formed without kinks. For example, ®, may be indepen-
dently varied to provide suflicient pressurization from the
step elffect particularly at mmner diameter regions. But at the
same time, angle ®. performs this function and also deter-
mines the extent to which the leading edge 130 of the 1nner
Rail #1 122 1s bent towards the middle portion of the slider
ABS 120 to maintain adequate pressurization and alignment
with the air flow AF,, particularly at outer diameter
regions. Similarly, a kink may not necessarily be formed on
the outer rail 124 as a result of particular values for ®, and
®.. Angle ®, may be varied to generate adequate pressur-
1zation resulting from the step effect and air flow particularly
at outer diameter regions of AF,,. Mecanwhile, angle ©
performs this function and also allows the outer Rail #2
leading edge 132 to be aligned with directional air flow at
inner diameter regions compression length also decreases
for the same reasons. Again, the uniquely configured air
bearing surface 134 minimizes the effect of the loss in
effective surface area and compression length at inner diam-
cter regions. The unique configuration of the air bearing
surface 136 for the outer rail 124 provides similar results at
various disk regions. As shown 1 FIG. 6, the leading edges
130 and 132 for each particular rail may be generally bent
away from their respective sides of the slider ABS 120. The
leading edge 132 of the outer rail 124, which typically
contains the read/write element or transducer 146, may be
generally aligned with the direction of the air tlow AF,,, to
maintain adequate pressurization when the shider 1s 1n posi-
fion at mner diameter regions of the disk 1n order to
compensate for the typically lower air velocity 1n this region.
The leading edge 130 of the inner rail 122 1s similarly
aligned with the direction of the air flow AF,, when the
slider 1s position at outer diameter regions of the disk 1n
order to provide sufficient lift and maintain a relatively
constant flying height. As shown in FIG. 6, the trailing edges
of the rails 122 and 124 may also be directed towards the
middle of the slider ABS 120 to account for changes in
directional air flow. When flying at outer diameter regions,
the air flow AF,,, may be generally aligned with the trailing
edge of the outer rail 124. When positioned at inner diameter
regions, the air flow AF,,, of AF,,,. As a result, ®, and O,
and ©, and . may be changed, respectively, independent
from each other thereby avoiding the formation of rail kinks.

While the present invention has been described with
reference to the aforementioned applications, this descrip-
fion of the preferred embodiments 1s not meant to be
construed 1n a limiting sense. It shall be understood that all
aspects of the present invention are not limited to the specific
depictions, configurations or dimensions set forth herein
which depend upon a variety of acrodynamic principles and
variables, and may be determined, for example, through
computer simulation procedures using computer simulation
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programs such as that developed at the Computer Mechanics
Laboratory at the Unmiversity of California, Berkeley, Calif.
Various modifications 1n form and detail of the disclosed
apparatus, as well as other variations of the present
invention, will be apparent to a person skilled in the art upon
reference to the present disclosure. It 1s therefore contem-
plated that the appended claims shall cover any such modi-
fications or variations of the described embodiments as
falling within the true spirit and scope of the present
invention.

What 1s claimed 1s:

1. An air bearing slider comprising;:

a slider body defined by a leading edge and two longitu-
dinal side edges, the slider body having at least first and

second longitudinally extending rails each with a height
relative to said slider body, an mnner side edge and a

leading rail edge, a first contiguous step region having
a depth relative to and ditferent than the height of said
first and second rails, said first step region extending
from the leading edge of the slider body over a portion
of the slider body to each leading rail edge such that
cach leading rail edge 1s spaced from the leading edge
of the slider body, and a second deep etch step region
between the rails having a depth greater than the depth
of said first contiguous step region, wherein the inner
side edges of the rails, the first contiguous step region,
and the second deep etch step region define a subam-
bient pressure region therebetween when said shider 1s

flown over a moving disk.

2. The air bearing slider as recited in claim 1, wherein the
leading rail edges are formed with angled faces 1n relation to
the leading edge of the slider body.

3. The air bearing slider as recited 1n claim 2, wherein
cach rail 1s defined by an outer side edge formed by kinks.

4. The air bearing slider as recited 1n claim 1, wherein the
first step region and the subambient pressure region are

separated by a nonlinear boundary.
5. The air bearing shider as recited 1n claim 4, further

comprising a magnetic transducer mounted to at least one of
the rails for performing reading and writing functions in

relation to a rotating disk.
6. The air bearing slider as recited in claim 1, wherein the

first and second longitudnally extending rails each include
an outer side rail edge partially surrounded by the contigu-
ous step region.

7. The air bearing slider as recited 1n claim 1, wherein the
first contiguous step region completely surrounds the lead-
ing edge of each rail.

8. An air bearing slider comprising:

a slider body defined by a leading body edge having a first
contiguous step region, a second deep etch step region
and two side edges, the slider body further having at
least two rails with inner edges longitudinally extend-
ing along at least a portion of the slider body each with
a leading edge bent away from their respective side
cdges, wherein the first contiguous step region has a
depth relative to and different than a height of said first
and second rails and extends from the leading edge of
the slider body over a portion of the slider body to each
leading rail edge such that each leading rail edge 1s
spaced from the leading edge of the slider body, the
second step region has a depth greater than the depth of
said first contiguous step region, and the second step
region, the mner rail edges and the deep etch step
region define a subambient pressure region therebe-
tween when said slider 1s flown over a moving disk.

9. The air bearing slider as recited in claim 8, wherein the

two rails further include kinks for contact with varying
directional air flow.
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10. The air bearing slider as recited in claim 9, wherein the
rails include a trailing edge generally bent away from their
respective side edges.

11. The air bearing slider as recited in claims 8, further
comprising a disk drive actuator arm and gimbal assembly
including at least one gimbal wherein the slider body 1is
mounted to the gimbal.

12. The air bearing slider as recited in claim 8, wherein the
two rails each include an outer side rail edge partially
surrounded by the contiguous step region.

13. The air bearing slider as recited in claim 8, wherein the
first contiguous step region completely surrounds the lead-
ing edge of each rail.

14. A slider assembly for a disk drive comprising;:

at least one disk drive gimbal; and

at least one slider mounted to the at least one gimbal,
wherein the at least one shider includes negative pres-
sure air bearing surface means for providing a substan-
tially consistent flying height during movement of the
slider relative to a rotating disk wherein the air bearing
surface means 1ncludes at least two rails longitudinally
extending along at least a portion of the slider body
cach with a leading edge such that each leading rail
edge 1s spaced from the leading edge of the slider body,
wherein each rail 1s formed with inner edges that define
a subambient pressure region, and a leading edge
ha‘vmg a first contiguous step region having a depth
relative to and different from a height of said first and
second rails and substantially surrounding the leading
edge of the rails for contact with varying directional air
flow.
15. A magnetic disk drive comprising:

a rotatable magnetic disk;

a suspension assembly including an actuator arm assem-
bly having at least one gimbal positioned proximate to
the magnetic disk; and

at least one slider attached to the at least one gimbal and
positionable proximate to a surface of the magnetic
disk, the slider imncluding a slider body defined by a
leading edge, two longitudinal side edges with at least
a first and a second rail extending along each side edge
of the slider body each with a leading edge, a first
contiguous step region having a depth relative to and
different than a height of said first and second rails and
extending from the leading edge of the slider body over
a portion of the slider body to the leading edge of each
rail such that each leading rail edge 1s spaced from the
leading edge of the slider body, and a second deep etch
region having a depth greater than the depth of said first
contiguous step region, wherein the inner edge of each
rail, the first contiguous step region and the second
deep etch step region define a subambient pressure
region therebetween when said slider 1s flown over a
moving disk.

16. The magnetic disk drive as recited i1n claim 15,
wherein the first and second rails each include an outer side
rail edge partially surrounded by the contiguous step region.

17. The magnetic disk drive as recited 1n claim 15,
wherein the {first contiguous step region completely sur-
rounds the leading edge of each rail.

18. An air bearing slider comprising:

a slider body defined by a leading edge and two longitu-
dinal side edges, the slider body having at least first and
second longitudinally extending rails each with a height
and a rail surface, an inner side edge and a leading rail

edge, a first contiguous step region extending from the
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leading edge of the slider body over a portion of the height different from the height of the first and second
Slidtiir bOQ}! {o 6§Ch leading rail edge %UCh that each rails, and wherein the mner side edges of the rails, the
leading rail edge 1s spaced from the leading edge of the first contiguous step region, and the second deep etch

slider body, and a second deep etch step region between
the rails, said second deep etch step region having a 5
depth greater than a depth for said first contiguous step
wherein said contiguous step 1s substantially parallel to
the rail surfaces of the first and second rails and at a

step region define a subambient pressure region ther-
ebetween when said slider 1s flown over a moving disk.
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